Background and Purpose-The benefit of endovascular revascularization of patients with acute ischemic stroke with middle cerebral artery (MCA) secondary division (M2) occlusions as compared with MCA trunk (M1) occlusions is not known. In this analysis, we compared revascularization status and clinical outcomes in patients with angiographically confirmed MCA M1 versus isolated M2 occlusions treated with mechanical thrombectomy using the Merci Retriever devices. Methods-We retrospectively analyzed the pooled data of patients with MCA strokes from the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) and Multi MERCI trials. Patient data were dichotomized into 2 groups: MCA M1 occlusions and isolated M2 occlusions. Baseline characteristics, revascularization rates, hemorrhage rates, complications, outcomes, and mortality were evaluated for both groups. Results-Of 178 patients with MCA occlusion treated in the MERCI and Multi MERCI trials, 84.3% had M1 lesions and 15.7% had isolated M2 lesions. Patients with isolated M2 occlusions were revascularized at a higher rate, required a lower mean number of passes, and were associated with a trend toward shorter mean procedure time than patients with M1 occlusions. No statistically significant differences were found between M2 and M1 groups for symptomatic hemorrhage, clinically significant procedural adverse events, favorable 90-day outcome, or 90-day mortality, although in all instances, the M2 outcomes were numerically better than those in M1 subjects. In multivariate analysis, final revascularization was the strongest independent predictor of good outcome at 90 days. Conclusions-Patients with both MCA M1 occlusions and isolated M2 occlusions can achieve a relatively high rate of revascularization and favorable clinical outcomes after mechanical thrombectomy. In fact, patients with isolated M2 occlusions had a higher rate of revascularization, required fewer passes, and had no increased complications compared with patients with M1 occlusions. (Stroke. 2010;41:953-960.)
P atients with acute ischemic stroke caused by intracranial large vessel occlusion appear to respond differently to thrombolysis treatment depending on the occluded vessel site. In the vital randomized National Institute of Neurological Diseases and Stroke, European Cooperative Acute Stroke Study (ECASS), and Alteplase Thrombolysis for Acute Noninterventional Therapy in Ischemic Stroke trials of intravenous (IV) tissue plasminogen activator (tPA), possibly due to the lack of accurate assessment of the clot location, neither the revascularization status nor clinical outcomes were influenced by the occluded vessel types. [1] [2] [3] [4] Middle cerebral artery (MCA) territory stroke accounts for the largest proportion of ischemic stroke population. However, in trials of IV and intra-arterial (IA) thrombolysis, few have reported the distinction of revascularization status and clinical outcomes between MCA trunk (M1) and isolated secondary division (M2) occlusions. [1] [2] [3] [4] [5] [6] [7] [8] Recent studies using transcranial Doppler ultrasonography and/or CT angiography revealed that the revascularization status of MCA M2 occlusions was superior to that of MCA M1 occlusions after IV tPA treatment. 9, 10 Patients with MCA M2 occlusions were twice as likely to have a favorable clinical outcome as patients with MCA M1 occlusions. 9 The Prolyse in Acute Cerebral Thromboembolism (PRO-ACT) II study included 61.7% of patients with MCA M1 occlusions, and the remainder presumably had isolated MCA M2 lesions; however, clinical outcomes stratified by M1 versus M2 occlusions have rarely, if ever, been reported. 5 Recent studies of IA thrombolysis with urokinase treatment suggest that the revascularization status of MCA M1 occlusions was better than that of the isolated M2 occlusions, but the clinical outcome associated with the different clot lesions was not described. 11, 12 Mechanical thrombectomy with the Merci devices is a promising alternative treatment for patients with acute ischemic stroke who have either failed or are ineligible for IV tPA within 8 hours of initial symptom onset. [13] [14] [15] [16] [17] As demonstrated by the pooled analysis of Mechanical Embolus Removal in Cerebral Ischemia (MERCI) and Multi MERCI Part I trials, patients with internal carotid artery (ICA) occlusions can achieve relatively high revascularization rates. 17 However, the difference in outcomes between mechanical revascularization of the MCA M2 occlusion and the MCA M1 occlusion was not assessed. The purpose of this study was to evaluate whether angiographically confirmed MCA M1 versus isolated M2 occlusion influences the revascularization status and subsequent clinical outcomes among patients with acute ischemic stroke treated by mechanical thrombectomy with the Merci family of retriever devices. The safety and effectiveness of mechanical thrombectomy in all MCA occlusions were also compared between groups (M1 versus M2) by revascularization status.
Methods
Pooled data from the MERCI and Multi MERCI trials were retrospectively analyzed for identification of acute MCA strokes. The pooled data consisted of a total of 305 patients with ischemic stroke, 141 patients from MERCI and 164 patients from Multi MERCI. The protocol details of these 2 trials have been previously described. [13] [14] [15] [16] [17] Briefly, enrolled patients were either ineligible for IV tPA or the occluded vessel failed to open after receiving IV tPA as confirmed by catheter angiography. A family of X series and L5 Merci Retriever devices (Concentric Medical, Inc, Mountain View, Calif) was used to attempt to restore the occluded intracranial vessel by retracting the clot from the vessel lumen. The first-generation devices (X4, X5, and X6 Retrievers) were available in both trials. The second-generation devices (L5 Retriever) were only used in Multi MERCI. IA fibrinolysis with tPA was allowed in cases of treatment failure with the device after 6 passes or to treat distal emboli not accessible to the device after successful proximal thrombectomy. Angioplasty and stenting of any lesion were not allowed per protocol.
Patients who had isolated MCA M1 and/or M2 occlusions confirmed by digital subtraction angiography were included in this study. The patients with ICA/MCA tandem or ICA-T occlusions were excluded from this analysis. The resulting patients were hierarchically dichotomized into 2 groups: an MCA M1 occlusion group and an isolated MCA M2 occlusion group. Successful revascularization was defined as achieving Thrombolysis In Myocardial Infarction (TIMI) II or III flow in all treatable vessels as confirmed by posttreatment digital subtraction angiogram. CT or MRI brain imaging was performed at baseline, 24 hours, and at any time there was a decline in patient neurological status. Intracerebral hemorrhages were categorized as hemorrhagic infarction Type I and II or parenchymal hematoma Types I and II according to the classifications of the ECASS trial. Symptomatic hemorrhage was defined as a Ն4-point increase in the National Institutes of Health Stroke Scale (NIHSS) score within 24 hours with evidence of any blood identified on 24-hour head CT/MRI scan or any intracranial hemorrhage in which no further NIHSS scores were available beyond baseline and the patient died. Procedure-related adverse events were adjudicated by an independent Data Safety and Monitoring Board and were defined as vascular perforation, intramural arterial dissection, or embolization of a previously uninvolved territory, symptomatic hemorrhage, and access site complications requiring surgery or transfusion. Clinically significant procedural complications were defined as a procedure complication with decline in NIHSS of Ն4 or death, groin complication requiring surgery, or blood transfusion.
Neurological status was quantified by the NIHSS and modified Rankin Scale (mRS) score at 30 days and 90 days. Patients in each occlusion group were assessed for revascularization rate, hemorrhagic transformation rate, clinically significant procedure-related complications, clinical outcome, and mortality at 90 days. Good outcome at 90 days was defined as mRS Յ2. Due to the relatively small sample size of isolated M2 occlusions, the data from M1 and M2 occlusions were pooled together and a multivariate logistic regression analysis was performed to determine the independent predictors of good outcome at 90 days. Further comparisons of clinical characteristics, complications, and outcomes were stratified by the revascularization status.
For comparisons of differences between groups, a 95% CI was constructed around the difference. If this interval did not contain zero, the difference was considered significant at the Pϭ0.05 level. Although this is a retrospective subset analysis, sample sizes for the 2 groups allowed for at least 80% power of detecting a 28% absolute difference and at least 50% power for detecting a 20% absolute difference between groups in outcome rates. Univariable analyses were separately performed to identify independent predictors of good outcome at 90 days. All variables with Wald 2 PϽ0.2 in univariable analysis as independent variables were included in the multivariable logistic regression model-building process to identify predictors for good outcome at 90 days. The model was built using forward/ backward stepwise regression with variables entered at the 0.05 significance level and removed at the 0.10 significance level based on the 2 statistic. After the main effects model was established, the hypothesis for the presence of any significant 2-way interaction terms was tested with the likelihood ratio 2 (G 2 ) statistic. The final model was then assessed for goodness of fit with the Hosmer and Lemeshow test. PϽ0.05 was considered statistically significant. Statistical analyses were performed using SAS software (Version 8.2; SAS Institute Inc).
Results

Demographic Characteristics of Patients With MCA Stroke
One hundred seventy-eight patients with an angiographically confirmed MCA occlusion were treated in the MERCI and Multi MERCI trials. Of these, 80 were enrolled in MERCI and 98 were enrolled in Multi MERCI. The mean age was 69.0 (SD 15.7) years and 103 (57.9%) were women. The mean baseline NIHSS score was 18.8 (SD 5.8) points (range, 9 to 40). Twenty-seven (15.2%) patients in this cohort received IV tPA and failed to recanalize before mechanical embolectomy; the remaining 151 patients were ineligible for IV tPA. Mean time from stroke onset to arterial access was 4.3 (SD 1.6) hours (range, 0.7 to 10.8 hours).
Among the 178 patients, 84.3% (nϭ150) presented with an isolated MCA M1 occlusion or with a combined M1/M2 occlusion, and 15.7% (nϭ28) presented with an isolated MCA M2 occlusion. Among the 150 patients with MCA M1 occlusion, 73 were enrolled in MERCI and 77 were enrolled in Multi MERCI. Among the 28 patients with MCA M2 occlusion, 7 were enrolled in MERCI and 21 were enrolled in Multi MERCI. Baseline characteristics, including age, gender, NIHSS score, time from symptom onset to arterial access, and adjunctive tPA use, were not significantly differ-ent between patients in each group. Patients with MCA M1 occlusion were more likely to have coronary artery disease, a lower prothrombin time, and lower systolic blood pressure (Table 1 ). In the M1 cohort, the X6 and L5 devices were used most frequently (44.7% for each) with the X5 (34.0%) and X4 (6.7%) being less common. In the M2 cohort, the L5 device was most commonly used (53.6%) followed by the X6 (28.6%) and the X5 (25.0%). The X4 was not used in the M2 cohort. In both groups, 7% of patients were sedated at the time their baseline NIHSS was assessed. There was no significant difference in the motor score elements of the NIHSS between the cohorts, although there was a noticeably higher rate of severe or global aphasia in the M2 cohort (73.1%) as compared with the M1 cohort (52.5%).
Revascularization Rates
Overall rates of revascularization (TIMI II/III flow) immediately after Merci treatment alone were 46.0% and 71.4% in the MCA M1 group and isolated M2 group, respectively ( Table 2 ). The final revascularization rate for patients, including those who received adjunctive therapy, was higher in the isolated MCA M2 group than the MCA M1 group (82.1% versus 60.0%). In addition, compared with the MCA M1 occlusions, isolated MCA M2 occlusions were revascularized in fewer passes (2.1 versus 3.1) and trended toward quicker mean procedure times (1.6 versus 1.8 hours).
Good Outcome and Mortality
Favorable clinical outcomes at 90 days (mRS Յ2) were not significantly different between the 2 groups (Table 2), although there was a numerically higher frequency of good outcomes in the isolated MCA M2 occlusion group than the MCA M1 occlusion group (40.7% versus 33.3%). Although better outcomes might be expected with more distal occlusions in general, in this series, M2 occlusions were left-sided in 67.9% versus M1 occlusions being only 47.3% left-sided.
Mortality rates at 90 days were not significantly different between groups; however, it was numerically lower in the isolated MCA M2 occlusion group than in the MCA M1 occlusion group (25.9% versus 32.9%; Table 2 ).
Hemorrhage Complication
Intracranial hemorrhage rates were not statistically different between groups (36.7% in the M1 group versus 42.9% in the M2 group). Symptomatic hemorrhage rates were not statistically different between groups (3.6% in the M2 group versus 6.7% in the M1 group). The patients with M2 occlusion had a numerically lower percentage of clinically significant procedure-related adverse events than the patients with M1 occlusion (3.6% versus 5.3%).
Multivariate Logistic Regression Analysis
Similar to prior MERCI trials analysis, age, baseline NIHSS, and revascularization status postprocedure were all predictors of good clinical outcomes at 90 days. The results are shown in Table 3 . Final revascularization status was the strongest independent predictor of good outcomes with an OR of 30.91.
Comparison Between Revascularized and Nonrevascularized Patients
In all MCA occlusions, the revascularized patients had a higher rate of good 90-day outcomes, a lower rate of mortality and symptomatic hemorrhage, and had fewer passes and a shorter procedure time compared with the nonrevascularized patients (Table 4 ). Baseline characteristics, including age and NIHSS score, risk factors, and laboratory findings on admission were similar in patients with and without final revascularization postprocedure.
Discussion
Results from this study suggest that patients presenting with MCA M1 occlusions or isolated M2 occlusions can achieve high revascularization rates and favorable clinical outcomes after mechanical thrombectomy with the Merci devices.
Patients with isolated M2 occlusions achieved a higher revascularization rate and were associated with a trend of a shorter median procedure time.
Increasing evidence shows that revascularization rates and good clinical outcomes may be significantly impacted by the vessel occlusion location. In the IV and IA thrombolysis studies, MCA occlusions were more likely to respond to thrombolytic treatment than ICA and basilar artery occlusions. 9, 11 Compared with the previous analyses from the MERCI and Multi MERCI trials, the 60% revascularization rate in the MCA M1 group was similar to the 63% revascularization rate of ICA occlusions and lower than the 78% revascularization rate of vertebrobasilar artery occlusions treated with mechanical thrombectomy. 17, 18 The 82% revascularization rate in the isolated MCA M2 occlusions was significantly higher than other sites of occlusions. 17, 18 The 63.5% revascularization rate after mechanical thrombectomy for MCA occlusions observed in this study was higher than for patients treated with IV thrombolysis alone in other trials. In 1 study, transcranial Doppler-proven spontaneous recanalization within 6 hours of symptom onset occurred in 18% of the patients with MCA cardioembolic occlusions. 19 In the PROACT II study, angiographically confirmed spontaneous recanalization at 6 to 8 hours after stroke onset occurred in approximately 18% of the placebo patients with acute MCA occlusion after receiving intravenous heparin. 5 In another series of 82 patients with MCA main stem occlusions studied with MR angiography, based on TIMI flow grade, there was a higher spontaneous recanalization rate at 24 hours after symptom onset in the IV thrombolysis group compared with the no IV thrombolysis control group. 20 The rates of partial and complete recanalization (TIMI II and III) were 38.5% in the IV thrombolysis group and 24% in the no IV thrombolysis group, respectively. 20 Although the distinction of revascularization status between MCA M1 and isolated M2 occlusions was not reported in the published data from the IV thrombolysis trials, the superiority of revascularization in the isolated MCA M2 occlusions over the M1 occlusions in our study is consistent with 2 recent studies of IV thrombolysis. 9, 10 Based on transcranial Doppler criteria, complete recanalization up to 2 hours after IV tPA treatment was achieved in 44.2% (50 of 113 patients) and 30% (49 of 163 patients) in the MCA M2 and M1 occlusions, respectively. 9 In another study with CT angiography and/or transcranial Doppler monitoring up to 24 hours after administration of IV tPA, patients with M1 occlusions (nϭ32) had 53% complete recanalization, whereas patients with M2 occlusions (nϭ19) had 68% complete recanalization. 10 The comparison of recanalization rates between IV tPA followed by thrombectomy and thrombectomy alone was beyond our current study. IV tPA treatment before thrombectomy may soften the clot, facilitating clot penetration and retrieval with Merci devices. The potential benefit of recanalization induced by the combined therapy of IV tPA followed by mechanical thrombectomy in the different site arterial occlusions should be addressed in future studies.
Compared with the 121 treated patients in the PROACT II study, the patients in our cohort had similar rates of revascularization (63.5% in MERCI/Multi MERCI versus 66% in PROACT II), 90-day good outcomes (34.5% versus 40%) and mortality (31.8% versus 25%), and a lower rate of symptomatic hemorrhage (6.2% versus 10.0%), although the median baseline NIHSS score and mean age were higher in our cohort than in PROACT II (baseline NIHSS: 18 versus 17; age: 69 years versus 64 years). 5 A comprehensive comparison of the data from MERCI/Multi MERCI data and PROACT is contained in a recent study. 21 In a series of 100 patients with MCA occlusion treated with IA thrombolysis with urokinase, angiography showed MCA M1 occlusion in 57 patients, M2 occlusion in 21, and M3 or M4 occlusion in 22. A higher recanalization rate (76%), a better 90-day good outcome (68%), a lower mortality rate (10%), and a similar symptomatic hemorrhage rate (7%) were reported in all MCA occlusions in this study compared with those in our cohort. 22 The good outcome may be associated with the low stroke score at admission (median baseline NIHSS, 14) and younger age (mean age, 61 years) in this study.
In the IA thrombolysis studies, revascularization was documented angiographically in patients with MCA strokes; however, the revascularization status and clinical outcomes 
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stratified by the MCA M1 occlusions versus isolated M2 occlusions were not reported in these randomized clinical trials. 5, 8 In a large series of patients with stroke treated with IA thrombolysis with urokinase, revascularization rate (TIMI II and III) was reported in 77.6% of 147 patients with MCA M1 occlusions, whereas a 63.2% revascularization occurred in 57 patients with M2 occlusions. 11 The lower rate of revascularization in isolated M2 occlusions compared with M1 occlusions differed from the results in our cohort. It is not clear if this difference was associated with the different endovascular regimens for IA thrombolysis and mechanical thrombectomy. The data from this study further support the correlation between successful revascularization and the achievement of good clinical outcomes at 90 days postthrombectomy intervention. We found that successful revascularization was associated with a higher benefit-risk ratio in both M1 and isolated M2 occlusions. There was a trend of better clinical outcomes in patients with isolated M2 occlusions than in those with M1 occlusions. This beneficial effect on the isolated M2 lesions was also demonstrated by a transcranial Doppler study in a large series of patients who underwent IV tPA thrombolysis. 9 The pooled data from Interventional Management of Stroke I and II trials showed that favorable clinical outcome in patients with isolated M2 occlusions was independent of the revascularization status because a percentage of patients with M2 occlusions achieved good clinical outcomes despite incomplete recanalization and reperfusion. 6, 7, 23 It is not clear if the trend toward better clinical outcomes in patients with isolated M2 occlusions is associated with a higher revascularization rate or with a smaller ischemic area at risk. It is speculated that the relatively greater extent of collateral blood flow in M2 versus M1 occlusions is a potential factor in the likelihood of a given patient achieving a good clinical outcome. Although there was a trend for better outcomes in the M2 group versus the M1 group, this difference was probably minimized by the greater frequency of left-sided occlusions in the M2 group (67.9% versus 47.3%). Entry criteria for the study necessarily mandated high baseline NIHSS and therefore dominant hemisphere M2 occlusions were more likely to be enrolled.
Anecdotal case reports suggested that the occluded M2 branches can be reopened by mechanical therapy using microsnare or Attracter-18 devices if they failed to open with IA thrombolysis. 24, 25 However, these devices are not currently recommended for restoring blood flow in large intracranial arteries. Recently, another therapeutic tool to remove clots from the large intracranial arteries in patients with ischemic stroke, the Penumbra System, was cleared by the US Food and Drug Administration. 26 This endovascular revascularization therapy may also benefit patients with stroke; however, its efficacy for isolated M2 strokes as well as M1 strokes is not yet clearly reported. In addition, the intracranial placement of self-expanding stents may be an alternative option for revascularization of acute MCA M1 occlusions, but its use in the isolated MCA M2 stroke may be limited. 27 This study has several limitations. Data were retrospectively collected from 2 single-arm trials with a post hoc analysis. The sample size of patients with M2 occlusion enrolled into these 2 trials was smaller than that of the patients with M1 occlusion. Due to the fact that most of the patients with M2 occlusion were collected from the Multi MERCI trial, the better outcomes in the M2 occlusion group may result from an incorporation of knowledge gained from the practitioner's increasing experiences and the newer generation of Merci Retriever devices available in Multi MERCI. Case selection may be biased. Baseline stroke severity was comparable in 2 groups, suggesting only patients with MCA M2 occlusion with severe neurological deficit were enrolled in 2 trials. The MCA M2 occlusion group may have included patients with large ischemic lesions at baseline or patients with initial MCA M1 or ever ICA/MCA tandem or ICA terminus occlusions who experienced IV tPA-or spontaneous-induced recanalization with futile reperfusion. This may explain the comparable clinical outcome at 3 months rather than simply the imbalance in the side of stroke among groups. Finally, the distribution of baseline antithrombotic use was not available from MERCI or Multi MERCI and could not be analyzed.
In conclusion, results from this retrospective analysis of pooled data of MERCI and Multi MERCI trials suggest that patients with isolated MCA M2 occlusions may benefit from a higher rate of revascularization and require fewer passes with Merci Retriever devices to recanalize when compared with patients with MCA M1 occlusions. Furthermore, based on a multivariate analysis using the pooled data from patients with MCA occlusions, it has been demonstrated that final revascularization is the strongest predictor of good outcomes at 90 days postprocedure. 
Appendix 1: MERCI Trial Investigators
Original Contributions
闭塞的血管再通状态优于 MCA M1 闭塞 [9, 10] 
闭塞，但却没有描述 不同闭塞部位与临床结局的关系 [11, 12] 。 对于起病 8 小时内 IV tPA 治疗不适用或失败的 急性缺血性卒中患者，应用 Merci 器械进行机械取 栓是一种很有前景的替代疗法 [13] [14] [15] [16] [17] [9, 11] 。 与先 前 的 MERCI 和多 中 心 MERCI 试验分析相比，经机械取栓术治疗后的 MCA M1 组 60% 的血管再通率与 ICA 闭塞组 63% 的血管再通率相似，低于椎基底动脉闭塞组 78% 的 血管再通率 [17, 18] 。而单独 MCA M2 闭塞 82% 的血管 再通率则明显高于其他位置的闭塞。 本研究中机械取栓治疗 MCA 闭塞后，63.5% 的 血管再通率高于其他试验中只用 IV 溶栓治疗的患 者。有研究报告，起病 6 小时内 18% 的 MCA 心源 性栓塞患者可出现由经颅多普勒超声确定的自发再 通 [19] 。在 PROACT II 研究中，卒中起病后 6 到 8 小 时，大约 18% 的接受静脉肝素治疗后的急性 MCA 闭塞安慰剂组患者，可发生经血管造影确定的自发 再通 [5] 。 另一项基于 82 例 MCA 主干闭塞患者的研究， 采用 TIMI 血流分级和 MR 血管造影确定自发血管再 通，其结果显示起病后 24 小时，IV 溶栓组比未溶 栓组具有更高的自发血管再通率 [20] 。IV 溶栓组和未 溶栓组的局部和全部血管再通率 (TIMI II 级和 III 级 ) 分别为 38.5% 和 24% [20] 。 尽管在已发表的 IV 溶栓试验数据中，MCA M1 与单独 M2 闭塞的血管再通状态差异未予报道，但 本研究中单独 MCA M2 闭塞的血管再通优于 M1 闭 塞，与最近两篇 IV 溶栓研究一致 [9, 10] 。根据经颅多普 勒超声标准，MCA M2 与 M1 闭塞患者接受 IV tPA 治疗后，2 小时的完全再通率分别为 44.2%(50/113) 和 30%(49/163) [9] [5, 8] 。在一个对卒中患者使用尿 激酶 IA 溶栓治疗的研究中，147 例 MCA M1 闭塞和 57 例 M2 闭塞患者的血管再通率 (TIMI II 级和 III 级 ) 分别为 77.6% 和 63.2% [11] 。在该研究中，单独 M2 闭 塞与 M1 闭塞相比，具有更低的血管再通率，这与 我们研究的结果不同。目前尚不清楚这个差异是否 与 IA 溶栓和机械取栓不同的血管内治疗方式相关。 本研究也进一步证实了成功的血管再通与取栓 术后 90 天时得到良好的临床结局相关。我们发现， 在 M1 闭塞和单独 M2 闭塞中，成功的血管再通与 更高的效益风险比相关。单独 M2 闭塞患者比 M1 闭塞患者有更好临床结局的倾向。单独 M2 闭塞的 这些有益作用也被一项 IV tPA 溶栓治疗患者的经颅 多普勒超声研究证实 [9] 。卒中介入治疗试验 I 和 II 的汇总数据显示单独 M2 闭塞患者其良好的临床结 局独立于血管再通状态之外，因为尽管存在不完全 的再通和再灌注，部分 M2 闭塞患者的仍获得良好 的临床结局 [6, 7, 23] 
